By 2020, approximately 120 million older Americans will need care at home. According to the American Association of Retired Persons (AARP) the majority of caregivers---some 45 million---will be unpaid (compared to 5 million paid caregivers), and many will care for more than one aging family member ([@CIT0008]; [@CIT0040]). An array of technology-based interventions is now available to support caregivers, delivered through such platforms as mobile and cloud solutions, robotics, connected sensors---commonly referred to as "the Internet of Things" (IoT)---and the evermore ubiquitous tools supported by advanced data analytics ([@CIT0006]; [@CIT0020]; [@CIT0035]; [@CIT0049]). Although many of these interventions focus on the health and well-being of caregivers and connect them to sources of support (e.g., Health Vault, Ideal Life; [@CIT0011]), others aim to reduce the complexity of personal tasks and facilitate access to healthcare providers and other resource. Still another subset is designed to improve the safety, security, and well-being of care recipients (e.g., My Halo, Comfort Zone). The most prevalent technology-enabled interventions are those that expedite access to information and improve communication (e.g., Great Call; [@CIT0036]).

Globally, there is an urgent need for enhanced capacity for home care and caregivers of older family members; many believe this need can be addressed, at least in part, through technology ([@CIT0015]; [@CIT0046]). A recent National Academy of Sciences report suggested that technology might be useful for family caregivers in ways that are typical for the general population as well as some specific functions for the caregiving role ([@CIT0041]). In the former category, this might include access to information published on the internet or engagement through social media or social networking sites to connect with others facing similar experiences. In the latter category, caregivers engage in a broad array of activities specific to the older adult care recipient. Such activities include medical and nursing tasks (e.g., medication and pain management, wound care), health monitoring, support for basic and instrumental activities of daily living, provision of emotional support and behavioral guidance, and coordination of care with the health and service sector ([@CIT0023]). A 2017 report on global innovations for aging identified seven domains of technology-enabled care innovations that might be deployed to enable and empower caregiver in their performance of these activities. These domains include: caregiver platforms; caregiver support; care coordination; telehealth/diagnostics and digital care delivery; alternative therapeutics; transitions of care, housing and operations; and end-of-life planning ([@CIT0001]).

The emerging literature on technology-enabled caregiving activities provides numerous examples of interventions ([@CIT0017]). One systematic review of telehealth and caregivers (65 papers) identified six categories of technology-delivered interventions: education, consultation, psychosocial/cognitive behavioral therapy (including problem solving training), data collection and monitoring, clinical care delivery, and social support ([@CIT0011]). These categories represent both the tasks/activities of caregiving and the maintenance and promotion of the wellness of the caregiver. Most of the studies used fairly common technologies like the telephone, video conferencing, web-based information, as well as telemetry/remote monitoring. Another systematic review highlighted health-related technology applications in smart homes to support the needs of older adults and the activities of caregiving. These applications included embedded sensors and monitors; computing and decision-making platforms; communication networks; and sensors and actuators ([@CIT0037]). Although these studies provide evidence of the array of potential technology-enabled interventions that are being developed for broad deployment, we lack a systematic review of their efficacy, utility and acceptability.

As society begins to benefit from the next era of technological innovation, it is imperative that we integrate what has been learned about technology solutions and the challenges to implementing them into emerging technology-enabled interventions for caregiving in order to set a course for future development and research ([@CIT0038]). This paper addresses the future of technological solutions for family caregivers through a review of emerging technologies and their application to interventions, the identification of challenges to implementing technology-enabled solutions, the presentation of a framework for conceptualizing the moderators and mediators most likely associated with implementation of successful and accessible technology-enabled caregiving interventions, and a brief outline of the high-priority research and development activities that might be undertaken to enable implementation.

Emerging Technologies: Promising Directions for Family Caregivers {#s1}
=================================================================

Many new technology solutions are emerging that will benefit family caregivers and their family members, including sensors (IoT), voice, assistive technologies, financial/cognitive technologies, and big data, among others. Driving these technologies is the rapidly expanding amount of data now available, increased computing power, and innovations in machine intelligence (artificial intelligence and machine learning). Several innovative technologies that can benefit family caregivers are highlighted below.

Enhanced Internet of Things and Technology Platforms {#s2}
----------------------------------------------------

The introduction of more robust, interactive platforms that analyze data from multiple sources will reduce the complexity of health and social service coordination and care management. Better data will pave the way for greater use of predictive analytics, which in turn will lead to tailored services for caregivers and allow them to make more informed decisions with healthcare providers. For example, emerging platforms will permit the analysis of patterns in patient-generated data extracted from wearables and IoT connected devices, alerting the caregiver to changes in a care recipient's health status, and automatically providing connection to appropriate resources and to members of the healthcare team ([@CIT0003]).

Voice {#s3}
-----

As low-cost, commercially available voice-enabled interfaces like Alexa, Google Home, and Siri---all of which are already integrated into our everyday lives---rapidly improve in their ability to understand, interpret, and even anticipate the needs of family caregivers, interventions could become considerably more effective. Often framed as "voice first," this area includes understanding spoken requests and commands, offering alerts, answering questions, and prompting behavioral activity. These technologies involve the combination of a number of new processing and machine intelligence activities, including artificial intelligence (AI), natural language processing (NLP---the ability for computers to understand hand written and spoken human communication), and speech recognition are driving significant growth in adoption of voice technology across multiple dimensions. Speech recognition alone has been projected to be nearly ubiquitous in the near term, potentially penetrating up to 80% of mobile devices by 2020 ([@CIT0047]).

Remote Monitoring/Telehealth {#s4}
----------------------------

The ability to manage---from a distance---care recipients' health and well-being without leaving their homes has significantly reduced the burden on caregivers. Telehealth, coupled with remote monitoring and other technologies (e.g., virtual reality), will become an increasingly ubiquitous tool to help caregivers monitor and manage the health and well-being of care recipients over distance ([@CIT0051]). Likewise, no longer dependent on physical proximity to mental health professionals and support groups, caregivers will now be able to readily access the support they need from wherever they are, through such platforms as online forums, video conferencing, store and forward, virtual reality, and chatbots. With improved standards and methods, data collected through remote monitoring will provide a wealth of information for predictive and retrospective analytics, therein improving our ability to dramatically advance services. This will require the development of new measures and scales that can compare and contrast results of interventions for care recipients and caregivers across projects and interventions, paving the way for improved technology for geographically isolated caregivers ([@CIT0021]; [@CIT0039]). Although telehealth and remote monitoring have been available for several decades, states and insurers are finally changing regulations that will now allow for the expanded use of telehealth.

Mobility/Autonomous Vehicles {#s5}
----------------------------

Autonomous vehicles, ride sharing, and drones are disrupting the way both caregivers and care recipients have access to the care and resources they need, or conversely, for resources to be more quickly and easily delivered to them, wherever they may be ([@CIT0052]). Technology is now expanding to include on-demand services, utilizing high levels of smartphone and internet support; customizing services for individuals while expanding services to all travelers; and supporting collaborative service models with real-time data capture, clearinghouse automation, and payment reconciliation functionality ([@CIT0007]).

Assistive Technologies {#s6}
----------------------

A number of emerging assistive technologies can be expected to have a significant effect on family caregivers ([@CIT0042]). Technology-enabled interventions that support functional limitations in vision, hearing, and mobility, offer one of the most robust opportunities to support the independence and autonomy care recipients, and subsequently their caregivers. Recent advances in smart phone technology (e.g., Microsoft) now embed significant software advances for persons with disabilities, such as built in screen readers, text capture, speech recognition, screen sizing, notification timing, speech command, seeing AI narration, and other functionalities. Smart glasses have the potential to help people with vision impairments to navigate while walking outdoors. Hearing devices, which are quickly becoming more intelligent and connected, are poised to proliferate through the advent of enhanced, low-cost, over-the-counter hearing solutions that will be permitted through the promulgation of forthcoming FDA guidelines ([@CIT0040]).

Virtual/Augmented/Mixed Reality {#s7}
-------------------------------

Virtual reality and augmented reality are increasingly being used as platforms to help family caregivers receive the training necessary to address home emergencies and to perform the medical/nursing tasks that are often a central component of their duties, but for which they are often unprepared ([@CIT0010]; [@CIT0014]). Virtual reality, augmented technologies, and mixed reality interventions and training platforms will not only enhance care for the care recipient, they will also improve the safety and well-being of the caregiver (e.g., Embodied Labs).

Financial Technologies {#s8}
----------------------

New technologies that remotely monitor financial accounts and transactions (e.g., EverSafe) are emerging as effective tools to enhance family caregiver financial transactions while protecting older adults ([@CIT0048]). Changes in financial capacity by older adults, whether it be knowledge, skills, or judgment, can lead to financial fraud or suboptimal decisions across financial tasks such as fee payments or credit card balance transfers, interactions that involve technology or can be identified via technology. Globally, banks and insurance companies are interested in technologies that can allow trusted parties, such as a family caregiver, to monitor financial accounts of older adults to identify impaired financial capacity or exploitation and to support family caregivers in managing financial activities.

Machine Intelligence---Artificial Intelligence and Machine Learning {#s9}
-------------------------------------------------------------------

Family caregivers need access to information, whether it is for healthcare, training, or support. The application of this information and related technology-enabled interventions is dependent upon data and data analytics. Access to information is undergoing transformative change with ever greater amounts of data, increased speed of data transmission, and the advent of innovative methods to analyze information. Due to these changes caregivers will be presented with previously unthought of options and resources to support their family members. Faster data transmission and emerging technology platforms will vastly improve caregivers' access to information, help caregivers make better use of information, and improve methods for training and communication as is currently being applied in the broader work force (e.g., Care Journey; [@CIT0045]). Advances in artificial intelligence/machine learning (AI/ML) algorithms, when combined with other innovations such as voice first, NLP, robotics, and ubiquitous sensors, will reshape caregivers' relationships with their family members and interaction with each other, transforming the way caregivers find, share, and curate information ([@CIT0012]). The greatest benefits of AI and ML are increased independence and safety for older adults through improved efficiency in care management and care coordination, leading to improved caregiving outcomes. AI and ML will support technology-enabled interventions that can anticipate and adjust to older adults' abilities or needs in the moment, significantly reducing demands on family caregivers. Ultimately, machine intelligence and predictive analytics will lead to significant benefits for family caregivers, including improved communication with family members and providers, reduced social isolation and depression, and improved caregiver satisfaction ([@CIT0042]).

Challenges in Applying Technology Solutions {#s10}
===========================================

Compounding the rapid emergence of many new technologies are a number of social--cultural, ethical, and technical issues that influence the uptake and scalability of technologies for family caregivers, as presented below.

Equity, Inclusion, Access {#s11}
-------------------------

It is imperative that older adult and caregiver-specific technologies are examined in relation to socio-cultural values and expectations so that they are not just appealing to a target population but also have the potential to make a difference ([@CIT0005]). Thanks to a variety of sociocultural factors and the digital divide, a significant number of older adults---including many family caregivers---do not have access to advanced technology. Only 27% of older adults with household incomes under \$30,000 own smartphones, compared with 81% of their more affluent peers ([@CIT0004]). Although the use of technology is increasing among older adults and their caregivers globally, the increase varies according to socioeconomic status, the type of technology, and cultural context ([@CIT0057]).

There is a significant association between minority race/ethnic status, combined with low socioeconomic status, and a reduced likelihood of internet use for health information seeking among older adults ([@CIT0059]). Weitzman and colleagues have reported on the need to tailor a Spanish-language educational website intervention for U.S.-born Latino dementia caregivers so that it is culturally "attuned" and uses "plain language" ([@CIT0056]). Similarly, Chinese American dementia caregivers' preferences for technology interventions are based on ease of installation and reliability as opposed to specific aspects of the technology design ([@CIT0058]). There are also significant cultural differences across generations which require that caregiver health technology interventions must fundamentally integrate in their design ([@CIT0025]). Likewise, further attention for technology design for Lesbian, Gay, Bisexual, Transgender, or Queer (LGBTQ) caregivers of older adults needs to be considered, given their historical marginalization in intervention design ([@CIT0054]).

Regardless of socioeconomic differences in older adults' access to technology, there is the additional issue of wide variation in technology literacy among caregivers. Studies of both older adults and caregivers designed to better understand what types of technologies they want indicate that the most trustworthy source of technology recommendations is medical professionals, yet medical professionals report they are not up to date on the latest consumer technologies ([@CIT0042]).

Ethical Concerns/Privacy and Security {#s12}
-------------------------------------

Ethical questions pose great challenges to the integration of technology in caregiving ([@CIT0013]; [@CIT0019]). Who has permission to access health and personal information about an individual? How much information should individuals share with healthcare providers, and is their level of health and technical literacy adequate for consenting to share? Informed consent needs to be an ongoing process, not a single event, but how---and how often---does an individual with cognitive decline give informed consent? Potential conflicts can also arise when privacy preferences differ between a care recipient and the caregiver---for example, if one wants passive monitoring or video monitoring in the home but the other does not, who makes the ultimate decision? Concerns over protection of personal data, even with the increased use of security procedures such as blockchain, will become ever more paramount in an era of big data. In the future additional ethical issues that are difficult to even conceptualize today will most likely emerge---for example, the consequences of a care recipient's emotional attachment to an AI caregiver.

Interoperability and Lack of Standards {#s13}
--------------------------------------

The diversity of technological systems presents challenges. Without common standards, many devices, platforms, and systems remain point solutions lacking interoperability, thus limiting their usefulness ([@CIT0037]). Lag time in establishing relevant regulations---mirroring the lag time between innovation and published research---also stymies adoption and challenges business sustainability. Developing common standards and protocols will improve the interoperability of technologies and data sharing, resulting in more efficient and effective support for family caregivers and the conduct of comparative research.

Inclusive/Human-Centric Design {#s14}
------------------------------

For myriad reasons---from lack of ready-made caregiver test groups and user panels to an underlying ageism that distances developers from their target audience---technology-enabled products are too often created in isolation from those who will use them. One major challenge ahead will be designing systems that focus on usability. Without the participation of caregivers and care recipients in the design process, many technologies either fail to serve the needs of their intended users, or they fail to be adopted. The limited knowledge of behavioral psychology related to caregivers' perception and use of technology also hinders the development of effective interventions; understanding user experience and how individuals relate to technology remains crucial. Equally important is a greater appreciation of the influence of messaging on caregivers' likelihood to adopt a new tool: why do some messages empower caregivers to grow comfortable with technology while others deter use. The application of universal design principals as promulgated in the development of assistive technologies supports broader accessibility of technology-enabled interventions to all family caregivers ([@CIT0042]).

Theoretical Framework for Assessing Technology-Enabled Solutions for Family Caregivers {#s15}
======================================================================================

There is ample opportunity for exploration and development of technologically enhanced solutions for family caregivers; however, we must have a conceptual framework that enables examination of the factors associated with the adoption of technologically enhanced solutions that yield positive care-recipient and caregiver outcomes. Environmental gerontology, which seeks to explain the interdependence of the person, their actions, and the role of the environment (physical, social, and ecological), offers a basis for such a framework ([@CIT0029]; [@CIT0034]; [@CIT0055]). Seminal scholarship in environmental gerontology differentiated three functions of the environment for older people: maintenance of consistency and familiarity, stimulation and the effects of departures from that consistency on behavior, and support as the potential to compensate for reduced or lost capability ([@CIT0034]). Building on this foundation of environmental gerontology, Carnemolla proposed the Human/Activity/Space/Technology (HAST) model as a way of analyzing these interdependencies and incorporating technology for aging in place ([@CIT0009]).

Focusing more on the factors that might contribute to adoption of technological solutions to caregiving challenges that might affect more distal outcomes of caregiver and care-recipient well-being, we are proposing a model of technology-enabled caregiving in the home (TECH). The model, represented in [Figure 1](#F1){ref-type="fig"}, sorts the challenges identified above as either moderators or mediators of an adoption process that can affect outcomes for caregivers and care recipients. The figure is meant to provide a map for thinking about actions that might promote adoption of technology-enhanced caregiving solutions. It indicates, for example, that some kinds of moderators---like those having to do with user capacity or networks of care and support---may be susceptible to direct intervention. Programs of training can be provided to caregivers; healthcare system design can integrate the provision of remote consultation to distant care recipients and caregivers. Some moderators may be less (or not at all) amenable to alteration (e.g., social class or location) but appreciation for them could be incorporated into actions focused on other moderators (e.g., the design of advanced technology platforms or integration of AI into caregiving) in ways that acknowledge and provide work-arounds for the immutable moderators. The mediators in the framework, the barriers and facilitators to technology use, provide a focus on the ways in which intentionality in the design of technology and the crafting of policy can promote use and reduce or remove roadblocks to use. Incentivizing internet providers to extend access to rural areas, requiring interoperability as a condition for licensed use, ensuring the readability of operating instructions and providing readily accessible on-line training for the use of technological enhancements, or building data privacy conditions into on-going HIPAA training for clinicians are all ways in which the broader context of technology could be manipulated to promote access to caregiving-enhancement technologies.

![Technology-enabled caregiving in the home (TECH).](gnz178f0001){#F1}

Priority Areas for Caregiver Technology Research and Development {#s16}
================================================================

Drawing from the range of technologies that are quickly becoming accessible to family caregivers and older adults and the array of challenges/issues that must be considered as we move into an era of ever more technology-driven caregiver support, the authors offer a research agenda to address caregiver technologies. The foundation for this agenda is the outcomes of the Research Priorities in Caregiving Summit: Advancing Family-Centered Care across the Trajectory of Illness. Held in March 2018, 50 thought leaders in family caregiving from across the country took part in a series of small- and large-group discussions to identify and prioritize caregiving research priorities, with a focus on issues related to technology, trajectory of illness, heterogeneity, and multicultural caregiving. The process and results of this summit are described in [@CIT0027].

Grounded in the TECH framework we propose, the agenda poses a series of particular questions about caregiver needs and use (related to technology), strategies for strengthening the moderators and mediators of technology adoption, and methods for assessing the outcomes and effectiveness of technological solutions. Beyond these specific questions is the need to better understand the underlying mechanism of technology adoption and the broader to test and strengthen the TECH framework itself.

Thus, we propose a set of key research topics related to technology-enabled interventions with family caregivers for consideration by the international research community, according to the TECH framework (see [Table 1](#T1){ref-type="table"}). We believe these topics will reveal relevant, timely, and important knowledge to move this field forward.

###### 

Proposed Key Research Topics

  TECH component                            Research topics
  ----------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Moderators                                
  Individual moderators                     • How can caregivers who perform complex medical and nursing tasks in the home have access to the necessary technologies and capacity (time, ability, training, and support) to successfully accomplish these tasks? • As machine learning methods and artificial intelligence technologies for caregivers emerge, what insights might emerge from these new data when combined with clinical and operational healthcare data that could inform precision medicine, predictions of outcomes, and personalized interventions? • What technologies, integrated with electronic health record and personal health record systems, are necessary and sufficient to accomplish shared decision making?
  Socioeconomic moderators                  • How does the digital divide affect caregivers of minority groups and underserved communities, and how can we design and disseminate technologies for equitable access? • How do technology tools like ride-sharing applications, smartphone and peer-to-peer payment systems, meal-prep, and grocery delivery services affect instrumental activities of daily living, and particularly the resource utilization of caregivers who are balancing cost and efficiency?
  Technological moderators                  • How can current models for technology adoption that take into account usefulness (for accomplishing the health/caregiving objective), usability (ease of use, intuitiveness), and the social and physical environment to map TECH and environmental gerontology theories and to generate testable models and measures for caregiver technology acceptance and use? • How might we utilize existing and commonly available collaboration technologies such as shared project coordination and document management systems, audio/video conferencing, instant messaging, to support intensive care coordination needs. • How might technology streamline the gathering of data, facilitate exchange of information among stakeholders, provide documentation of values and preferences, disseminate decisions that have been made to relevant stakeholders, and enable ongoing monitoring and evaluation of care plans? • What analytic methods and algorithms need to be developed to assure rigorously evaluated and trustworthy results to be built into interventions?
  Mediators                                 
  Barriers                                  • What specific concerns do caregivers have about data privacy and physical security of devices, beyond those of the general public and patients, and how can we design technology and policy infrastructure to assure privacy and security?
  Facilitators                              • What strategies should be employed to enable seamless interoperability and data sharing among diverse caregiver technologies? • How can human-centered design methods that seek to fully understand users' needs and engage them in designing solutions be adapted and applied to generate innovative caregiver technologies and relevant interventions and guide the implementation of interventions that utilize these tools? • How can we assure communication networks are optimized such that caregiver technologies, as well as telemedicine and communication technologies, do not experience unacceptable performance and latency?
  Measurement issues linked to technology   
  Measurement issues                        • What measures are relevant for evaluating caregiving outcomes linked to technology-enhanced caregiving?• How might we assess cost-effectiveness of technology-enabled caregiving interventions?

Conclusion {#s17}
==========

The pace of innovation in technology is accelerating, and within a decade previously unimagined technologies will shape much of our experiences of living, aging, and caregiving ([@CIT0046]). Throughout history, technological advances have had unintended consequences on society. Automobiles improved access to jobs, healthcare, and services, yet the accompanying pollution has had a negative environmental impact. The internet has democratized access to information, but largely unchecked, social media and online programs can sometimes harm individuals, including family caregivers. Ultimately, researchers will need to balance the benefits and promises of new technologies with their unintended consequences and risks. How researchers keep pace with the speed of technology will be the one constant challenge in ensuring that research remains relevant to practice. However, in the long term, it is the very nature of technology's rapid evolution that will increasingly make technology a crucial element in improving support for and the well-being of family caregivers.
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